The oxidative addition of dicyanogen, (CN)2, and of the cyanogen halides, XCN (X = Cl, Br or I), to the biscyclopentadienyl compounds of vanadium and chromium, (/y-C^Hs^M (M = V or Cr), leads to the formation of (/?-C5H5)2MX(CN) (X = CN, Cl, Br, I; M = V or Cr). The synthesized compounds have been characterized by elemental analyses, IR and EPR spectra, and determinations of the magnetic moments.
Introduction
The synthesis and characterization of the pseudohalogen derivatives of the metallocenes of the type (^-CöH5)2ML2, M = V; L = CN, SCN, NCO, has been subject of various studies [1, 2] . The preparative method consist in using a metathetical reactions between the halide derivative of the metallocene and the corresponding alkali metal pseudohalide. In agreement with the results obtained by us [3] in the reactions between diselenocyanogen and the biscyclopentadienyl compounds of vanadium and chromium, reactions of dicyanogen and the cyanogen halides with the biscyclopentadienyl compounds of vanadium and chromium were carried out to obtain the corresponding dicyanide and halocyanide derivatives, of which only (^-CsHs^V^N^ [1] is known until now.
The EPR spectra of (r?-C5H5)2VX(CN) have been recorded at room temperature in chloroform solution showing the eight lines due to the coupling of the unpaired electron with the 51 V (1 = 7/2) nucleus.
The calculated values of giso and Aiso are given in Table I . 
Results and Discussion
All the reactions were performed at room temperature and lead to the derivatives indicated with practically quantitative yields. Only in the reactions with dicyanogen it was necessary to irradiate the reaction mixture with UV light for the reaction to occur. The solutions of the Cr(IV) derivatives showed decomposition at room temperature.
According to the measured magnetic moments (vide Experimental) and the EPR spectra, the metal is in oxidation state IV in all these compounds.
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The giso and Aig0 values found for R2V(CN)2 are in good agreement with the ones determined by Doyle and Tobias [1] . In the case of R2VBr(CN) three groups of eight signals appear two of which disappear with time while one (indicated with subscript 1) increases in intensity. A probable explanation of this fact is that the compound disproportionates in the following manner:
In support of this hypothesis is the value obtained by Doyle and Tobias [1] , giso= 1.99, and by us for R2V(CN)2. In accordance with this, the group characterized by g3 and A3 should correspond to R2VBr(CN); its intensity decreases with time until it disappears; R2V(CN)2 gives rise to the signals characterized by gi and Ai, whose intensity increases with time and takes long to disappear; finally, the group characterized by g2 and A2 belongs to R2VBr2 whose intensity decreases gradually and disappears because this compound is unstable in solution [5] . On the other hand, this decomposition is not surprising because some complexes of this type have already been detected by EPR to disproportionate, as is the case of the (^-C5H5)2NbCl(SCN) and (j?-C5H5)2NbCl(CN) complexes [6] ,
The similarity between these values of AiS0 with the ones found for other comparable compounds [1, 3] , as well as the small variation that the value of this parameter undergoes when passing from one ligand to another indicate that the unpaired electron is in an orbital with little s character, i.e., essentially a 3 d orbital of the vanadium atom. For R2VX(CN) (X = Cl, Br or I), the decrease observed in the Aiso values going from Cl to I is related to the variation of the covalent character, because this decreases as the covalency increases [7] . The EPR spectra of (7?-C5H5)2CrX(CN), recorded at -170 °C in chloroform solution, show an intense signal at about 3300 G, corresponding to the A m = 1 transition, and an another very weak one at lower values of magnetic field (1600 G), corresponding to the forbidden transition A m = 2. The g values are given in Table II . These spectra are similar to those observed from chromium(IV) complexes [3, 8] .
In the IR spectra of the synthesized complexes (Table III) the characteristic bands of the cyclopentadienyl ligand [9] appear at 3100, 1400, 1100 1000, and 800 cm -1 some of them (especially those corresponding to co(CC) at 1400 cm-1 , <3(CH) at 1000 cm -1 and y(CH) at 800 cm -1 ) appear as doublets, owing to a decrease in the symmetry with respect to the corresponding bis(cyclopentadienyl). All complexes show v(CN) near 2100 cm -1 as expected for terminal cyanides. Below 450 cm-1 appear the bands characteristic of the vibrations of the metal-ligand bonds. Thus, the v(MC) vibrations give rise to bands in the 370-350 cm -1 range for vanadium derivatives and around 400 cm -1 for the chromium ones [10] . This increase in the wavenumbers of r(MC) when going from vanadium to chromium is related to the decrease observed in v(CN), 2125 and 2110 cm" 1 in R2V(CN)2, and 2120 and 2070 cm-1 in R2Cr(CN)2, and it is attributed to an increase in the rjM. ->C bond due to the greater number of d electron of the metal. The bands corresponding to vaMR appear between 380^440 cm -1 as in analogous compounds [3] .
Concerning the corresponding bands of the stretching vibrations of the metal-halogen bonds, a medium intensity band at 267 cm -1 is assigned in the vanadium compound to the r(VCl) in analogy to other vanadium halides such as (^-CsHs^VCl that present Having in mind the known relations for the frequencies of the stretching vibrations of the terminal metal-halogen bonds, vMCl/vMBr = 0.75 and vMBr/i'MI = 0.85, and considering the same metal [11] , the v(VBr) and v(Vl) are assigned to the bands at 164 and 139 cm -1 , respectively.
In the chromium derivatives we assign the band at 285 cm -1 to the r(CrCl) in analogy to similar compounds [10] , and those at 233 and 140 cm-1 to the v(CrBr) and v(Crl), respectively.
The assignment of the bands below 200 cm -1 as corresponding to deformation vibrations must be taken as tentative due to the lack of known data in the literature [13] .
Experimental
All the reactions were carried out under oxygenfree N2. (J?-C5H5)2M (M = V, Cr) [14] and (CN)2 and XCN (X = Cl, Br, I) [4] were made by methods described in the references cited. Microanalyses were performed by Centro Nacional de Quimica Organica (Madrid, Spain). The halogens were determined as silver halides and vanadium and chromium spectrophotometrically.
The IR spectra were recorded in the range 4000-180 cm -1 on a Perkin Elmer model 180, using mulls of Nujol and Hostaflon between Csl and polyethylene windows. The spectra in the range 500-20 cm" 1 were also recorded on a Beckman IR-720 interferometer using polyethylene pellets.
The EPR spectra were recorded on a Varian E-12 at a microwave frequency of 9 GHz (X band) with DPPH for calibration.
The magnetic moments were obtained by determination of the magnetic susceptibilities in a Gouy's magnetic balance, in the solid state at room temperature, [Ni(en)3]S203 being used as standard. The diamagnetic corrections were taken from Selwood [15] and Earnshaw [16] .
Preparation of (r\-C^E^)2V(CN)2
A stirred solution of (^-CÖHS^V (1 g, 5.5 mmol) in diethylether (50 cm 3 ) was irradiated with UV light while a slow stream of prepurified dicyanogen was passed through the reaction mixture. After 20 min the formation of a green solid is observed. The reaction mixture was purged with N2 and the green solid is filtered off, washed several times with Et20 and dried in vacuum. The yield is quantitative. 
Preparation of (rj-CsH$)2Cr(CN )2
A similar procedure was used with (^-CoH5)2Cr (1. 
Preparation of (r]-C5H5)2VI(CN)
In a two-neck flask (100 cm 3 ) fitted with N2 inlet, magnetic stirrer and pressure equalized dropping funnel, (?;-C5H5)2V (1 g, 5.5 mmol) was dissolved in Et20 (40 cm 3 
Preparation of (rj-C5H5)2CrI(CN)
Using ICN (2.6 g, 16 mmol) in Et20 (10 cm 3 ) and (^-CsHs^Cr (2.5 g, 13 mmol) in Et20 (40 cm 3 ) a light brown solid was obtained, the yield is quantitative. 
Preparation of (rj-C5H5)VBr(CN)
Similarlv BrCN (0.6 g, 5.6 mmol) in Et20 (10 cm 3 ) and (7?-C5H5)2V (1 g, 5.5 mmol) in Et20 (40 cm 3 
Preparation of (r]-C5H5)2CrBr(CN)
The reaction is carried out as above with (i7-C5H5)2Cr (2.45 g, 13 mmol) in Et20 (40 cm 3 ) and BrCN (1.5 g, 14 mmol) in Et20 (10 cm 
Preparation of (rj-C5H5)2VCl(CN )
A slow stream of C1CN is passed through a magnetically stirred solution of (^-CsHs^V (1 g, 5.5 mmol) in Et20 (50 cm 3 
Preparation of (rj-C5H5)zCrCl(CN)
A similar procedure was used with (rj-C5H5)2Cr (2.3 g, 13 mmol) in Et20 (50 cm 3 We wish to thank to the Spanish Comisiön Asesora de Investigaciön Cientifica y Tecnica the ffnancial support for this work. One of us (M. Moran) also wishes to thank to the Direction General de Universidades for a scholar ship.
